Novel coronavirus disease (COVID-19) or SARS-CoV-2 as it is now called has been playing havoc on the world economy, society, and health due to the pandemic nature of this new virus and has been associated with a case fatality rate of 6.81% as of April 20 (2,314,621 confirmed cases and 157,847 deaths) \[[@CR1]\]. The severity and fatality out of COVID-19 are many with advanced age leading the way followed by cardiovascular disease, hypertension, chronic kidney disease, cancer, and many others \[[@CR2]\]. It has been reported that the virus persists in sputum or feces for few weeks after the patients are discharged from the hospital \[[@CR3]\], and there were reports from 22 patients in Beijing of the presence of the virus in the sputum for 39 days after they became negative in pharyngeal swab raising the question about the proper specimen to be tested. Similar fecal persistence has been seen in another study where they found the virus to be persistently present in the fecal matter although they did not find the marker of fecal-oral transmission which is the presence of replication-competent virus in fecal swabs \[[@CR4]\]. Already there are known 80 distinct genotypical variants of this virus as per another study \[[@CR5]\] which raises the concern for effective vaccine production and also might contribute to the various variations of presentations in different countries. We have also seen a case report stating the change of oropharyngeal swab during the convalescence period into positive for SARS-CoV-2 RNA \[[@CR6]\] when her real-time PCR report showed a viral load of 4.56 × 10^2^ copies/mL after two consecutive days of negative reports. The reasons for this sudden positive report amidst the negative reports are only speculative and can be anything from sampling error, unknown spike in viral load without symptoms during convalescence, specimen error, and so on. To add to this dilemma, in another study \[[@CR7]\], it was seen that those who retested positive for SARS-CoV-2 RNA after discharge were generally young and had mild COVID-19 disease in the hospital and they did not show any disease progression when readmitted. The close contacts with these patients did not test positive, and the most important point that was noted was the use of commercially available kits during their discharge which showed negative results and the same patient tested positive in a hypersensitive method questioning the effectiveness and reliability of the kits used commercially. This brings up the issue of using more sensitive RNA detection methods before discharging a patient, and also samples should be taken from two different sites on two consecutive days, and then they must be corroborated. There had been a case report of three patients who were readmitted to Tongji Hospital between March 10 to March 20, 2020, after being discharged with IgM-negative and IgG-positive antibody response and RNA was non-detectable, but they were again readmitted without any symptoms because of the new SARS-CoV-2 RNA test showing positive results, while the IgM and IgG remained negative and positive respectively \[[@CR8]\]. On further analysis of these three cases, it was found that the CT thorax findings were resolving during the readmission phase than their previous admission times, and the finding of this positive RNA test was found without the presence of evidence of contagiousness of viral RNA genetic fragments. Among the other possible reasons in this case report were recurrence of viral RNA material due to the detoxification process, sampling or technical errors during collection or transport, and also silent carrier state formation with continued passage, and hence, it suggested a14-day post-discharge period of quarantine for COVID-19 patients.

Method of Swab Collection and Swab Detection of SARS-CoV-2 in Different Biological Specimens {#Sec1}
============================================================================================

The proper methods of swab collection have been beautifully discussed by Petruzzi et al. \[[@CR9]\] where it is suggested to perform the nasopharyngeal swab sampling by introducing the swab stick into the nasal cavity reaching to the level of posterior rhinopharyngeal tonsil region along an imaginary line joining the ear and the nostril with the patient seated comfortably with the head resting against the headrest. They described the process of oropharyngeal sampling by directing the swab towards the posterior part of the oropharynx and then rotating it a few times prior to removal. The swabs need to be inserted in the same tube while breaking the swab rod with a controlled and swift movement, and lastly we have to reset the cap. Upper respiratory tract samples like these should be collected within a few days of onset of symptoms as the highest titers of RNA are reached within 7--10 days of symptom onset and declines thereafter \[[@CR10]\]. The virus can be isolated from various sites of the body, and the concentration varies from 1 day to another resulting in variation of positivity. A study \[[@CR11]\] conducted on 205 patients with 1070 specimens showed the highest percentage of positive rate from bronchoalveolar lavage (BAL) specimen (93%), followed by sputum (72%), nasal swab (63%), fibrobronchoscope brush biopsy (46%), pharyngeal swab (32%), feces (29%), and blood (1%). It must be noted that the specimens collected from patients for BAL were all having severe disease which itself increases the chance of getting positive results. Another study also shared a similar view with the above-mentioned study and concluded that nasal swab will give a better yield than an oral swab and should be corroborated with other specimens if symptoms are suggestive, but the initial results come negative \[[@CR12]\]. Since we have seen from the above discussion that the results of swab testing depend on many factors including time of swab procurement after initial symptom onset, site of the swab, transport of swab, and techniques used in swab collection, clinicians must not rule out COVID-19 in a highly suspected patient coming from an epidemic zone \[[@CR13]\]. Grossly respiratory specimen collections to perform RT-PCR can be divided into two broad categories depending upon the site of the collection---upper respiratory specimen and lower respiratory specimen as shown in Table [1](#Tab1){ref-type="table"} \[[@CR14]\].Table 1Specimen collection as per site of respiratory tractSite of respiratory tractSpecimen typeUpper respiratory tractNasopharyngeal swab/oropharyngeal swab; nasal mid-turbinate swab; anterior nares specimen; nasopharyngeal wash/aspirateLower respiratory tractBronchoalveolar lavage, tracheal aspirate; sputum

In summary, Table [2](#Tab2){ref-type="table"} gives us an idea on various swabs that can be collected which may help us make judgments on which swabs should be tested at what time for getting highest positive yields \[[@CR15]\].Table 2Types of swabs that can be tested and the time period of getting positive results, highest peak reached, and time of fallType of swab used for RT-PCRStarts to peak from (day)Highest levels detectedStarts to fallNasalMid-turbinate swabDay 1First weekThird week onwardsAnterior nares swabOropharyngeal swabDay 1First weekThird week onwardsRectalEnd of first weekSecond weekEnd of third week onwardsRT-PCR, reverse transcription-polymerase chain reaction

Comparative Value of Swab Test and CT Lesions {#Sec2}
=============================================

A retrospective radiological study by Chen et al. assessed twenty-one COVID-19-positive patients having pneumonia from January 19, 2020, to February 20, 2020, who underwent CT thorax on the same day, and they were divided into two groups---one group (*n* = 14) having SARS-CoV-2 reverse transcription-polymerase chain reaction (RT-PCR) positive report on the initial day and another group (*n* = 7) having initial negative RNA results but had positive results on further testing on the next day---and the study showed a statistically significant lower rates of pulmonary consolidation (*p* \< 0.05) in the group having initial negative RT-PCR results \[[@CR16]\]. The study did not find any difference either in distribution patterns of the CT lesions with unilateral versus bilateral or in the involvement of single versus multiple lobes between the two groups. The major stress of the study was to perform a chest CT scan in those clinically suspected patients having an initial negative RT-PCR report. CT scan findings have aided in diagnosing many such initial false-negative RT-PCR patients \[[@CR17]\]. Ai et al.in their retrospective study \[[@CR18]\] on 1014 patients who had RT-PCR from throat swab and CT chest done showed a sensitivity of 97% for chest CT in those having initial positive PCR results (95%CI, 95--98%; 580/601 patients), and it also showed a positive CT findings in 75% patients with initial negative PCR results. A case series of 51 patients \[[@CR19]\] compared the CT chest findings with RT-PCR from throat swab and found 50/51 (98%) patients having CT findings consistent with viral pneumonia-like peripheral, subpleural ground-glass opacities, often in the lower lobes. In this study, the detection rate for first time RT-PCR was only 71% (36/51, 95%CI 56--83%). A summary of a few of the published studies comparing CT chest and RT-PCR is summarized in Table [3](#Tab3){ref-type="table"} which is adopted and modified from a review article on radiological interpretations of COVID-19 \[[@CR20]\].Table 3Comparison of CT chest and RT-PCR reports in patients having COVID-19Name of authorNumber of total patientsMean age of the cohort (years)Percentage of RT-PCR positivity at onsetPercentage of CT chest abnormality in very early daysAi et al. \[[@CR18]\]101451 ± 1559%88%Fang et al. \[[@CR19]\]5145 ± 1071%98%Bernheim et al. \[[@CR21]\]12145 ± 392%44%Li et al. \[[@CR22]\]\*5155 ± 33100%96.1%\*In this retrospective study, specimens had to be positive for RT-PCR to meet the inclusion criteriaRT-PCR, reverse transcription-polymerase chain reaction; CT, computed tomography

The results from the above discussion conclude that neither RT-PCR nor CT chest should be relied upon as the sole criteria for diagnosis and both should be corroborated if suspicion remains on initial negative results of any one of these investigations.

Finally, to address this question of reinfection and immunity induction, a beautiful animal experiment has been done, and results are reassuring as it showed reinfection with SARS-CoV-2 in two rhesus macaques after their initial clinical recovery from the first infection of SARS-CoV-2 did not show viral replication in anal or nasopharyngeal swabs and the sera exhibited neutralizing activity against SARS-CoV-2 \[[@CR23]\].

Conclusion {#Sec3}
==========

In conclusion, reinfection with SARS-CoV-2 seems unlikely taking into consideration our knowledge on viral neutralizing antibody duration from past respiratory illnesses, the type of specimen collection and technical errors associated with each component of swab testing, the methods used before discharging these patients, the presence of fecal viral RNA without evidence of replication-competent virus in fecal swabs, and finally the reassurance from the animal study. But till we have enough data to suggest that these patients are noninfective, we must maintain vigilance during the convalescence period also and must take into consideration the probability of genetic mutations as observed rather than reinfection by the same strain.
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